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Description 

[0001] The present invention is generally directed to 
tools and tool blanks having a composite construction 
including regions of differing composition and/or micro- 
stucture. The present invention is more particularly di- 
rected to cemented carbide rotary tools and tool blanks 
for rotary tools having a composite construction. In ad- 
dition, the present invention is directed to a method for 
producing rotary tools and rotary tool blanks having a 
composite construction. The method of the present in- 
vention finds general application in the production of ro- 
tary tools and may be applied in, for example, the pro- 
duction of cemented carbide rotary tools used in mate- 
rial removal operations such as drilling, reaming, coun- 
tersinking, counterboring, and end milling. 

DESCRIPTION OF THE INVENTION BACKGROUND 

[0002] Cemented carbide rotary tools (i.e., tools driv- 
en to rotate) are commonly employed in machining op- 
erations such as, for example, drilling, reaming, coun- 
tersinking, counterboring, end milling, and tapping. 
Such tools are conventionally of a solid monolithic con- 
struction. The manufacturing process for such tools in- 
volves consolidating metallurgical powder (comprised 
of particulate ceramic and binder metal) to form a com- 
pact. The compact is then sintered to form a cylindrical 
tool blank having a solid monolithic construction. As 
used herein, monolithic construction means that the 
tools are composed of a material, such as, for example, 
a cemented carbide material, having substantially the 
same characteristics at any working volume within the 
tool. Subsequent to sintering, the tool blank is appropri- 
ately machined to form the cutting edge and other fea- 
tures of the particular geometry of the rotary tool. Rotary 
tools include, for example, drills, end mills, reamers, and 
taps. 

[0003] Rotary tools composed of cemented carbides 
are adapted to many industrial applications, including 
the cutting and shaping of materials of construction such 
as metals, wood, and plastics. Cemented carbide tools 
are industrially important because of the combination of 
tensile strength, wear resistance, and toughness that is 
characteristic of these materials. Cemented carbides 
materials comprise at least two phases: at least one 
hard ceramic component and a softer matrix of metallic 
binder. The hard ceramic component may be, for exam- 
ple, carbides of elements within groups IVB through VIB 
of the periodic table. A common example is tungsten 
carbide. The binder may be a metal or metal alloy, typ- 
ically cobalt, nickel, iron or alloys of these metals. The 
binder "cements" the ceramic component within a matrix 
interconnected in three dimensions. Cemented car- 
bides may be fabricated by consolidating a metallurgical 
powder blend of at least one powdered ceramic compo- 
nent and at least one powdered binder. 
[0004] The physical and chemical properties of ce- 



mented carbide materials depend in part on the individ- 
ual components of the metallurgical powders used to 
produce the material. The properties of the cemented 
carbide materials are determined by, for example, the 

5 chemical composition of the ceramic component, the 
particle size of the ceramic component, the chemical 
composition of the binder, and the ratio of binder to ce- 
ramic component. By varying the components of the 
metallurgical powder, rotary tools such as drills and end 

10 mills can be produced with unique properties matched 
to specific applications. 

[0005] The monolithic construction of rotary tools in- 
herently limits their performance and range of applica- 
tion. As an example, Figure 1 depicts side and end views 

is of a twist drill 1 0 having a typical design used for creating 
and finishing holes in construction materials such as 
wood, metals, and plastics. The twist drill 10 includes a 
chisel edge 11 , which makes the initial cut into the work- 
piece. The cutting tip 1 4 of the drill 1 0 follows the chisel 

20 edge 11 and removes most of the material as the hole 
is being drilled. The outer periphery 1 6 of the cutting tip 
14 finishes the hole. During the cutting process, cutting 
speeds vary significantly from the center of the drill to 
the drill's outer periphery. This phenomenon is shown in 

25 Figure 2, which graphically compares cutting speeds at 
an inner (D1), outer (D3), and intermediate (D2) diam- 
eter on the cutting tip of a typical twist drill. In Figure 2 
(b), the outer diameter (D3) is 2.54 cm (1.00 inch) and 
diameters D1 and D2 are 0.64 and 1.27 cm (0.25 and 

30 0.50 inch) respectively. Figure 2(a) shows the cutting 
speeds at the three different diameters when the twist 
drill operates at 200 revolutions per minute. As illustrat- 
ed in Figures 2(a) and (b), the cutting speeds measured 
at various points on the cutting edges of rotary tools will 

35 increase with the distance from the axis of rotation of 
the tools. 

[0006] Because of these variations in cutting speed, 
drills and other rotary tools having a monolithic construc- 
tion will not experience uniform wear and/or chipping 

40 and cracking of the tool's cutting edges at different 
points ranging from the center to the outside edge of the 
tool's cutting surface. Also, in drilling casehardened ma- 
terials, the chisel edge is typically used to penetrate the 
case, while the remainder of the drill body removes ma- 

45 terial from the casehardened material's softer core. 
Therefor, the chisel edge of conventional drills of mon- 
olithic construction used in that application will wear at 
a much faster rate than the remainder of the cutting 
edge, resulting in a relatively short service life for such 

50 drills. In both instances, because of the monolithic con- 
struction of conventional cemented carbide drills, fre- 
quent regrinding of the cutting edge is necessary, thus 
placing a significant limitation on the service life of the 
bit. Frequent regrinding and tool changes also result in 

55 excessive downtime for the machine tool that is being 
used. 

[0007] Other rotary tool types of a monolithic con- 
struction suffer from similar deficiencies. For example, 
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specially designed drill bits often are used for performing 
multiple operations simultaneously. Examples of such 
drills include step drills and subland drills. Step drills are 
produced by grinding one or more steps on the diameter 
of the drill. Such drills are used for drilling holes of mul- 
tiple diameters. Subland drills may be used to perform 
multiple operations such as drilling, countersinking, and/ 
orcounterboring. As with regular twist drills, the service 
life of step and subtand drills of a conventional mono- 
lithic cemented carbide construction may be severely 
limited because of the vast differences in cutting speeds 
experienced at the drills' different diameters. 
[0008J The limitations of monolithic rotary tools are al- 
so exemplified in end mills. In general, end milling is con- 
sidered an inefficient metal removal technique because 
the end of the cutter is not supported, and the length-to- 
diameter ratio of end mills is usually large (usually great- 
er than 2:1). This causes excessive bending of the end 
mill and places a severe limitation on the depths of cut 
and feed rates that can be employed. 
[0009] In order to address the problems associated 
with rotary tools of a monolithic construction, attempts 
have been made to produce rotary tools having different 
properties at different locations. For example, cemented 
carbide drills having a decarburized surface are de- 
scribed in U.S. Patent Nos. 5,609,447 and 5,628,837. 
In the methods disclosed in those patents, carbide drills 
of a monolithic cemented carbide construction are heat- 
ed to between 600-1 100°C in a protective environment. 
This method of producing hardened drills has major lim- 
itations. First, the hardened surface layer of the drills is 
extremely thin and may wear away fairly quickly to ex- 
pose the underlying softer cemented carbide material. 
Second, once the drills are redressed, the hardened sur- 
face layer is completely lost. Third, the decarburization 
step, an additional processing step, significantly in- 
creases the cost of the finished drill. 
[0010] Thus, there exists a need for drills and other 
rotary tools that have different characteristics at different 
regions of the tool. As an example, a need exists for ce- 
mented carbide drills and other rotary tools that will ex- 
perience substantially even wear regardless of the po- 
sition on the tool face relative to the axis of rotation of 
the tool. As an additional example, a need exists forstiff- 
er end mills wherein the increased stiffness is not 
achieved at the expense of tensile strength and tough- 
ness. 

[001 1 ] WO-A-9828455 discloses a cemented carbide 
drill/endmill blank consisting of a core and a surrounding 
tube. The difference in Co-content between the core and 
tube is 1 -1 0 wt.% units and the cubic carbide content is 
8-20 wt.% in the tube and 0.5-2 wt.% in the core. 
[0012] EP-A-0453428 discloses a method of manu- 
facturing a cemented carbide body for cutting tools, rock 
drilling tools or wear parts with complicated geometry 
characterized in that the body is sintered together from 
simpler parts to a body with desired complex geometry. 
[0013] US Patent 5789686 discloses methods for 



making, methods for using and articles comprising cer- 
mets, preferably cemented carbides and more prefera- 
bly tungsten carbide, having at least two regions exhib- 
iting at least one property that differs. Preferably the cer- 

5 mets further exhibit a portion that is binder rich and 
which gradually or smoothly transitions to at least a sec- 
ond region. The cermets are manufactured by juxtapos- 
ing and densifying at least two powder blends having 
different properties (i.e. differential carbide grain size, 

io differential carbide chemistry, differential binder con- 
tent, differential binder chemistry, or any combination of 
the preceding). Preferably a first region of the cermet 
comprises a first ceramic component and a prescribed 
binder content and a second region, juxtaposing or ad- 

15 joining the first region of the cermet comprises a second 
ceramic component and a second binder content less 
than the prescribed binder content. 

SUMMARY OF THE INVENTION 

20 

[0014] The invention provides a composite rotary tool 
in accordance with claim 1 of the appended claims. 
[0015] The present invention addresses the above- 
described needs by providing a composite rotary tool 

25 including at least a first (core) region and a second (out- 
er) region. The tool is fabricated from cemented carbide, 
the first region of the composite rotary tool comprising 
a first cemented carbide material that is autogenously 
bonded to a second region which comprises a second 

30 cemented carbide material. As used herein, an "autog- 
enous" bond refers to a bond that develops between re- 
gions of cemented carbide or other material without the 
addition of filler metal or other fusing agents. The first 
cemented carbide material and the second cemented 

35 carbide material differ with respect to modulus of elas- 
ticity and may also differ with respect to at least one oth- 
er characteristic. This other characteristic may be, for 
example, hardness, wear resistance, fracture tough- 
ness, tensile strength, corrosion resistance, coefficient 

io of thermal expansion, and coefficient of thermal conduc- 
tivity. The core and outer regions of cemented carbide 
material within the tool are coaxiaily disposed and may 
be coaxiaily disposed or otherwise arranged with other 
regions so as to advantageously position the regions to 

45 take advantage of their particular properties. Preferred 
embodiments of the composite rotary tool of the present 
invention include twist drills, end mills, step drills, sub- 
land drills, and taps of a composite cemented carbide 
construction as described herein. 

50 [001 6] Cemented carbide materials generally include 
a binder and at least one carbide of an element selected 
from, for example, the group IVB, group VB and group 
VI B elements. The cemented carbide materials used in 
the present invention preferably include 60 to 98 weight 

55 percent of carbide component. The binder of cemented 
carbide materials typically is a metal selected from the 
group consisting of cobalt, nickel, iron, or alloys of these 
metals. The cemented carbide materials used in the 
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present invention preferably include 2 to 40 weight per- 
cent of binder. (All weight percent ranges provided here- 
in are inclusive of the stated upper and lower extremes 
unless otherwise noted.) The properties of the cement- 
ed carbide materials used in the present invention may 
be tailored for specific applications by varying one or 
any combination of the chemical composition of the ce- 
ramic component, the grain size of the ceramic compo- 
nent, the chemical composition of the binder, or the ratio 
of the binder content to the ceramic component content. 
[001 7] In the present invention, one or more of the ce- 
ramic component or binder chemical composition, the 
ceramic component grain size, and the ratio of binder 
content to ceramic component content differ between 
the at least two regions of cemented carbide material so 
as to advantageously select the relative properties of the 
two or more regions of cemented carbide material. As 
an example, the hardness and wear resistance of one 
region of a rotary tool constructed according to the in- 
vention may be enhanced relative to another cemented 
carbide region. In that way, the tool may be constructed 
so that the regions of the cutting edge experiencing rel- 
atively high cutting speeds will wear and chip at a rate 
similar to that of regions experiencing lower cutting 
speeds. Although the present invention is presented in 
terms of rotary tools having a finite number of regions 
of cemented carbide material, it will be understood that 
the present invention may be applied to provide rotary 
tools with any number of regions of cemented carbide 
material, each having selected properties. 
[0018] The invention also includes a novel method of 
producing composite rotary tools of the present inven- 
tion in accordance with claim 1 3 of the appended claims. 
The method includes placing a first metallurgical powder 
into a first region of a void within a mold. A second met- 
allurgical powder is placed into a second region of the 
void of the mold. The mold may be segregated into the 
two (or more) regions by, for example, placing a physical 
partition in the void of the mold to separate the regions. 
The metal! urgica! powders may be chosen to provide, 
on consolidation, cemented carbide materials having 
the desired properties as described above. A portion of 
at least the first metallurgical powder and the second 
metallurgical powder are placed in contact within the 
mold. The mold is then isostatically compressed to con- 
solidate the metallurgical powders to form a compact. 
The compact is subsequently sintered to further density 
the compact and to form an autogenous bond between 
the regions. Preferably, the compact is over pressure 
sintered at a pressure of 2.07-13 .79 N/mm 2 (300-2000 
psi) and at a temperature of 1 350- 1 500°C. Subsequent- 
ly, material may be removed from the sintered compact 
to form flutes or otherwise form a cutting edge or other 
features of the rotary tool. 

[001 9] The reader will appreciate the foregoing details 
and advantages of the present invention, as well as oth- 
ers, upon consideration of the following detailed de- 
scription of embodiments of the invention. The reader 



also may comprehend such additional details and ad- 
vantages of the present invention upon using the inven- 
tion. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The features and advantages of the present in- 
vention may be better understood by reference to the 
accompanying drawings in which: 

w 

Figures 1(a) and 1(b) are plan and on-end views, 
respectively, of a conventional twist drill; 
Figure 2(a) is a graph indicating cutting speeds at 
the three diameters D1 , D2, and D3 of a conven- 
es tional twist drill indicated in Figure 2(b); 

Figure 3(a)-(d) are cross-sectional views of novel 
blanks useful for producing composite rotary tools 
constructed according to the present invention, and 
wherein Figure 3(b) is a cross-sectional end view of 
the blank shown in perspective in Figure 3(a); 
Figure 4 is a partial cut-away plan view of an em- 
bodiment of a step drill constructed according to the 
present invention; 

Figure 5 is a partial cut-away plan view of an em- 
bodiment of a subland drill constructed according 
to the present invention; 

Figure 6 is a representation of the dry -bag isostatic 
pressing apparatus used in Example 1 to produce 
a composite end mill within the present invention; 
Figure 7 is a photomicrograph taken at a magnifi- 
cation of 2000X of a region of interface between first 
and second regions of cemented carbide material 
in an end mill of the present invention fabricated in 
Example I; 

Figure 8 is a photomicrograph taken at a magnifi- 
cation of 1 600X of a region of interface between first 
and second regions of cemented carbide material 
in an article according to the present invention fab- 
ricated in Example 2; and 
Figure 9 is a photomicrograph taken ai a magnifi- 
cation of 1 000X of a region of interface between first 
and second regions of cemented carbide material 
in a composite rod fabricated according to the 
present invention in Example 3. 

DESCRIPTION OF EMBODIMENTS OF THE 
INVENTION 

[0021] The present invention provides for rotary cut- 
ting tools and cutting tool blanks having a composite 
construction rather than the monolithic construction of 
conventional rotary tools. As used herein, a rotary tool 
is a tool having at least one cutting edge that is driven 
to rotate and which is brought into contact with a work- 
piece to remove material from the workpiece. As used 
herein, a rotary tool having a "composite" construction 
refers to one having regions differing in chemical com- 
position and/or microstructure. These differences result 
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in the regions differing with respect to modulus of elas- 
ticity and they may also differ with respect to at least one 
other characteristic. This other characteristic may be se- 
lected from, for example, hardness, tensile strength, 
wear resistance, fracture toughness, corrosion resist- 
ance, coefficient of thermal expansion, and coefficient 
of thermal conductivity. Composite rotary tools that may 
be constructed as provided in the present invention in- 
clude drills and end mills, as well as other tools that may 
be used in, for example, drilling, reaming, countersink- 
ing, counterboring, end milling, and tapping of materials. 
[0022] The present invention more specifically pro- 
vides a composite rotary tool having at least one cutting 
edge, such as a helically oriented cutting edge, and in- 
cluding at least two regions of cemented carbide mate- 
rial that are bonded together autogenously and that dif- 
fer with respect to modulus of lasticity and that may also 
differ with respect to at least one other haracteristic. The 
differing characteristics may be provided by variation of 
at least one of the chemical composition and the micro- 
structure among the two regions of cemented carbide 
material. The chemical composition of a region is a func- 
tion of, for example, the chemical composition of the ce- 
ramic component and/or binder of the region and the 
carbide-to-binder ratio of the region. For example, one 
of the two autogenously bonded cemented carbide ma- 
terial regions of the rotary tool exhibits a greater modu- 
lus of elasticity than the other of the two regions. Addi- 
tionally, one of the two autogenously bonded cemented 
carbide material regions of the rotary tool may exhibit 
greater wear resistance and/or enhanced hardness 
than the other of the two regions. 
[0023] Aspects of the present invention may be de- 
scribed in relation to the tool blank 30, shown in Figures 
3(a) and (b) in cross-sectional views through the blank's 
central axis and transverse to that axis, respectively. 
The tool blank 30 is a generally cylindrical sintered com- 
pact with two coaxially disposed cemented carbide re- 
gions. It will be apparent to one skilled in the art, how- 
ever, that the following discussion of the present Inven- 
tion also may be adapted to the fabrication of composite 
rotary tools and tool blanks having more complex ge- 
ometry and/or more than two regions. Thus, the follow- 
ing discussion is not intended to restrict the invention, 
but merely to illustrate embodiments of it. 
[0024] Referring again to Figures 3(a) and (b), the cy- 
lindrical rotary tool blank 30 comprised of two differing 
cemented carbide layers, a core region 31 and an outer 
region 32. The core region 31 and the outer region 32 
are both of a cemented carbide material including ce- 
ramic particles in a continuous matrix of binder. Prefer- 
ably the cemented carbide materials in the core region 
31 and in the outer region 32 include a ceramic compo- 
nent composed of carbides of one or more elements be- 
longing to groups IVB through VIB of the periodic table. 
The ceramic component preferably comprises about 60 
to about 98 weight percent of the total weight of the ce- 
mented carbide material in each region. The carbide 



particles are embedded within a matrix of binder mate- 
rial that preferably constitutes about 2 to about 40 weight 
percent of the total material in each region. The binder 
preferably is one or more of Co, Ni, Fe, and alloys of 

5 these elements. The binder also may contain, for exam- 
ple, elements such as W, Cr, Ti, Ta, V, Mo, Nb, Zr, Hf, 
and C up to the solubility limits of these elements in the 
binder. Additionally, the binder may contain up to 5 
weight percent of elements such as Cu, Mn, Ag, Al, and 

*o Ru. One skilled in the art will recognize that any or all of 
the constituents of the cemented carbide material may 
be introduced in elemental form, as compounds, and/or 
as master alloys. 

[0025] Again referring to Figures 3(a) and (b), the core 
15 region 31 of the tool blank 30 is autogenously bonded 
to the outer region 32 at an interface 33. The interface 

33 is shown in Figures 3(a) and (b) to be cylindrical, but 
it will be understood that the shapes of the interfaces of 
cemented carbide material regions of the composite ro- 

20 tary tools of the present invention are not limited to cy- 
lindrical configurations. The autogenous bond between 
the regions at the interface 33 may be formed by, for 
example, a matrix of binder that extends in three dimen- 
sions from the core region 31 to the outer region 32, or 

25 vice versa. The ratio of binder to ceramic component in 
the two regions may be the same or different and may 
be varied between the regions to affect the regions' rel- 
ative characteristics. By way of example only, the ratio 
of binder to ceramic component in the adjacent regions 

30 of the composite tool blank 30 may differ by 1 to 10 
weight percent. The characteristics of the cemented car- 
bide materials in the different regions of the composite 
rotary tools of the present invention may be tailored to 
particular applications. 

35 [0026] One skilled in the art, after having considered 
the description of present invention, will understand that 
the improved rotary tool of this invention could be con- 
structed with several layers of different cemented car- 
bide materials to produce a progression of the magni- 

40 tude of one or more characteristics from a cenirai region 
of the tool to its periphery. Thus, for example, a twist drill 
may be provided with multiple, coaxially disposed re- 
gions of cemented carbide material and wherein each 
such region has successively greater hardness and/or 

45 wear resistance than the adjacent, more centrally dis- 
posed region. Alternately, rotary tools of the present in- 
vention could be made with other composite configura- 
tions wherein differences in a particular characteristic 
occur at different regions of the tool. Examples of alter- 
so nate configurations are shown in Figures 3(c) and 3(d). 
[0027] Figure 3(c) represents an embodiment of the 
present invention that is particularly useful as a cylindri- 
cal blank from which drills used for drilling case hard- 
ened materials may be produced. For drilling casehard- 

55 ened materials, the drill tip is typically used to penetrate 
the case, while the body of the drill removes material 
from the softer core. In this embodiment, the first region 

34 and the second region 35 are disposed at first and 
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second ends of the blank. The first end would become 
a tip end of the drill, and the second end would become 
the end that would be secured in the chuck of the ma- 
chine tool. The first region 34 may be composed of a 
hard and wear resistant material such as, for example, 
a cemented carbide of tungsten carbide particles (0.3 to 
1 .5 jim average grain size) in a cobalt alloy binder com- 
prising approximately 6 to 1 5 weight percent of the ma- 
terial in the first region 34. The second region 35 may 
be composed of, for example, tungsten carbide particles 
(1 .0 to 10 urn average grain size) in a cobalt alloy binder 
comprising approximately 2 to 6 weight percent of the 
material in second region 35. The first region 34 is au- 
togenously bonded to the second region 35. The second 
region 35 has an enhanced modulus of elasticity relative 
to the first region 34 so as to resist flexing when pressure 
is applied to the drill 

[0028] The embodiment shown in Figure 3(d) com- 
bines features of the embodiments of Figures 3(a) and 
3(c). The cutting tip 36 includes two regions of different 
grades of cemented carbide material, a core region 37 
and an outer region 38. The core and outer regions 37 
and 38 are coaxially disposed and autogenously bond- 
ed to a third region 39. Regions 37 and 38 may be com- 
positionally similar to regions 31 and 32 of the embodi- 
ment of Figures 3(a) and (b) or may be of other grades 
of cemented carbides so that the outer region 38 has 
enhanced hardness and wear resistance relative to the 
core region 37. 

[0029] A major advantage of the composite cemented 
carbide rotary tools of the present invention is the flex- 
ibility available to tailor properties of regions of the tools 
to suit different applications. For example, the thickness, 
geometry, and/or physical properties of the individual 
cemented carbide material regions of a particular com- 
posite blank of the present invention may be selected to 
suit the specific application of the rotary tool fabricated 
from the blank. Thus, for example, the stiffness of one 
or more cemented carbide regions of the rotary tool ex- 
periencing significant bending during use may be of a 
cemented carbide material having an enhanced modu- 
lus of elasticity; the hardness and/or wear resistance of 
one or more cemented carbide regions having cutting 
surfaces and that experience cutting speeds greater 
than other regions may be increased; and/or the corro- 
sion resistance of regions of cemented carbide material 
subject to chemical contact during use may be en- 
hanced. 

[0030] Composite rotary tools of the present invention 
may be made by any suitable process known in the art, 
but preferably are made using a dry bag isostatic meth- 
od as further described below. The dry bag process is 
particularly suitable because it allows the fabrication of 
composite rotary tools and tool blanks with many differ- 
ent configurations, examples of which have been pro- 
vided in Figures 3(a)-(d). The configurations shown in 
Figures 3(c) and (d) would be extremely difficult, if not 
impossible, to produce using other powder consolida- 



tion techniques such as die compaction, extrusion, and 
wet bag isostatic pressing. 

[0031] By way of example only, additional embodi- 
ments of rotary tools of the present invention are shown 

5 in Figures 4 and 5. Figure 4 depicts a step drill 1 1 0 con- 
structed according to the present invention. The drill 1 1 0 
includes a cutting portion 112 including several helically 
oriented cutting edges 114. The drill 110 also includes 
a mounting portion 116 that is received by a chuck to 

10 mount the drill to a machine tool (not shown). The drill 
11 0 is shown in partial cross -section to reveal three re- 
gions of cemented carbide materials that differ relative 
to one another with regard to at least one characteristic. 
A first region 1 1 8 is disposed at the cutting tip of the drill 

is 110. The cemented carbide material from which region 
11 8 is composed exhibits an enhanced wear resistance 
and hardness relative to a central region 120 forming 
the core of the drill 1 1 0. The core region is of a cemented 
carbide material that exhibits an enhanced modulus of 

20 elasticity relative to the remaining two regions. The en- 
hanced modulus of elasticity reduces the tendency of 
the drill 110 to bend as it is forced into contact with a 
work piece. The drill also includes an outer region 122 
that defines the several helically oriented cutting edges 

25 114. The outer region surrounds and is coaxially dis- 
posed relative to the core region 120. The outer region 
122 is composed of a cemented carbide material that 
exhibits enhanced hardness and wear resistance rela- 
tive to both the core region 120 and the tip region 118. 

30 The cutting surfaces 114 that are defined by the outer 
region 1 22 experience faster cutting speeds than cutting 
regions proximate to the drill's central axis. Thus, the 
enhanced wear resistance and hardness of the outer re- 
gion 122 may be selected so that uniformity of wear of 

35 the cutting surfaces is achieved. 

[0032] By way of example only, Figure 5 illustrates a 
subland drill 210 constructed according to the present 
invention. As with Figure 4, Figure 5 depicts the subland 
drill 21 0 in partial cross-section through the drill's central 

40 axis to expose three regions of different cemented car- 
bide materials. As is discussed above, the different re- 
gions of cemented carbide material may differ in one or 
more of, for example, the chemical composition of the 
carbide component or binder component, the grain size 

45 of the carbide component, or the ratio of carbide com- 
ponent to binder in the material. The subland drill 210 
includes a cutting portion 212 including a plurality of hel- 
ically oriented cutting edges 214. The drill 210 also in- 
cludes a mounting portion 21 6. A core region 21 8 of the 

50 drill 21 0 is composed of a cemented carbide material 
having an enhanced modulus of elasticity relative to the 
remaining two regions drill 21 0 exposed in cross-sec- 
tion. As with step drill 1 1 0, the core region 21 8 of subland 
drill 210 inhibits bending of the drill 21 0 upon application 

55 of pressure during drilling operations. A tip region 220 
is composed of a cemented carbide material having an 
enhanced wear resistance and hardness relative to the 
core region 218. The advantages discussed with re- 
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spect to drill 1 1 0 are thereby achieved. The embodiment 
of Figure 5, however, differs from the embodiment of 
Figure 4 in that the core region 218 extends to the ter- 
minus 224 of the drill 21 0 and is coaxially disposed and 
surrounded by the tip region 220. The coaxial relation- 5 
ship of the core and tip regions 21 8 and 220, respec- 
tively, inhibits bending of the drill 210 in that portion of 
the cutting tip 212 adjacent terminus 224. 
[0033] The present invention also includes methods 
of producing the composite rotary tools of the present 
invention and composite blanks used to produce those 
tools. One such method includes placing a first metal- 
lurgical powder into a void of a first region of a mold. 
Preferably, the mold is a dry-bag rubber mold. A second 
metallurgical powder is placed into a second region of 
the void of the mold. Depending on the number of re- 
gions of different cemented carbide materials desired in 
the rotary tool, the mold may be partitioned into addi- 
tional regions in which particular metallurgical powders 
are disposed. The mold may be segregated into regions 
by placing a physical partition in the void of the mold to 
define the several regions. The metallurgical powders 
are chosen to achieve the desired properties of the cor- 
responding regions of the rotary tool as described 
above. A portion of at least the first region and the sec- 
ond region are brought into contact with each other, and 
the mold is then isostatically compressed to densify the 
metallurgical powders to form a compact of consolidat- 
ed powders. The compact is then sintered to further den- 
sify the compact and to form an autogenous bond be- 
tween the first and second, and, if present, other re- 
gions. The sintered compact provides a blank that may 
be machined to include a cutting edge and/or other 
physical features of the geometry of a particular rotary 
tool. Such features are known to those of ordinary skill 
in the art and are not specifically described herein. 
[0034] Actual examples of application of the foregoing 
method to provide composite rotary tools according to 
the present invention follow. 

EXAMPLE 1 

[0035] The present example applies the method of the 
present invention to manufacture a novel composite ce- 
mented carbide end mill improving upon the perform- 
ance of conventional end mills of a monolithic construc- 
tion. As is known, conventional end milling is a relatively 
inefficient metal removal technique because the end of 
the tool is not supported, and the tool's length-to-diam- 
eter ratio is typically large. This can result in excessive 
bending of the end mill and, therefore, low depths of cut, 
feed rates, and cutting speeds are usually employed. A 
composite end mill constructed according to the present 
invention may include a relatively stiff inner core region 
with a high modulus of elasticity to resist bending, and 
a relatively strong and tough outer region suitable for 
end milling applications. 

[0036] In the present example, the end mill was pro- 



vided with two coaxially disposed regions. The inner 
core region exhibits a high modulus of elasticity and, 
therefore, Teledyne (Lavergne, Tennessee) grade HCA 
cemented carbide material was chosen as the material 
from which the core region is composed. In general, a 
cemented carbide having a lower binder content will 
have a high elastic modulus. Teledyne grade HCA con- 
tains 5.5 weight percent cobalt binder, tungsten carbide 
as the ceramic component, a medium grain structure, a 
hardness of 92.4 HRA, and a modulus of elasticity of 
approximately 91 x 10 6 psi (635 kN/mm 2 ). Teledyne 
grade H-91 was chosen as the material for the outer re- 
gion (working surface). In general, grades suitable for 
milling must possess tensile strength and toughness to 
withstand the forces encountered during interrupted cut- 
ting. Teledyne grade H-91 has been found to be partic- 
ularly suitable in many milling applications. Grade H-91 
contains 11.0 weight percent cobalt binder, tungsten 
carbide as the ceramic component, a medium grain 
structure, a hardness of 89.7 HRA, and a modulus of 
elasticity of approximately 82 x 1 0 6 psi (575 kN/mm 2 ). 
[0037] The end mill of the present example was pro- 
duced from metallurgical powders using a dry-bag iso- 
static pressing apparatus as schematically depicted in 
Figure 6. The construction and manner of operation of 
a dry-bag isostatic press is known to those of ordinary 
skill in the art and, therefore, are not described in detail 
herein. As shown in Figure 6, a cylindrical sleeve in the 
form of a thin walled stainless steel tube 61 was inserted 
into a dry-bag isostatic moid 62. The inner region 63 of 
the tube 61 was filled with the first metallurgical powder 
to form the inner core region of the end mill (grade HCA 
cemented carbide material). The region 64 exterior to 
the tube 61 was filled with the second metallurgical pow- 
der to form the outer region of the end mill (grade H-91 
cemented carbide material). The tube 61 was then re- 
moved from the mold 62 so that the first metallurgical 
powder and the second metallurgical powder came into 
contact. The powders were pressed in the mold at a 
pressure of about 207 N/mrr, 2 {30,000 psi) to form an 
approximately 36 cm (1 4 inch) long composite compact 
of two different cemented carbide grades. The compact 
was then over-pressure sintered in a sinter-HIP vacuum 
furnace (manufactured by AVS, Inc., Ayer, Massachu- 
setts) at 1 400°C and a pressure of approximately 5.5 N/ 
mm 2 (800 psi). In the process of over-pressure sintering, 
also known as sinter-HIP, the chamber containing the 
compact is first heated to sintering temperature and is 
then pressurized. Compared with conventional HIP, sin- 
ter-HIP utilizes lower pressures and higher tempera- 
tures, is more cost effective, and produces a more uni- 
form microstructure, all without sacrificing the reliability 
of the resulting component. The construction and man- 
ner of operation of a sinter-HIP vacuum furnace are 
known to those of ordinary skill in the art and, therefore, 
are not described in detail herein. Subsequent to com- 
pletion of the overpressure sintering, the densified com- 
pact was suitably machined to form the cutting edges 
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and other surface features of the end miii. 
[0038] Figure 7 is a photomicrograph at a magnifica- 
tion of 2000X of a region of the rotary too I manufactured 
as described in this example in the vicinity of the inter- 
face 73 between the first region 71 of cemented carbide s 
material (grade HCA) and the second region 72 of ce- 
mented carbide material (grade H-91). The autogenous 
bond at interface 73 can be seen in the photomicrograph 
as a transition between the first region 71 , which has a 
high ratio of binder to ceramic component relative to the 
second region 72. The photomicrograph shows that the 
depicted interface region lacks voids and inclusions. 

EXAMPLE 2 

[0039] The present example applies the method of the 
present invention to manufacture a novel composite ce- 
mented carbide drill improving upon the performance of 
conventional drills of a monolithic construction. As 
shown in Figure 1 , the initial cut into the workpiece is 
made by the drill's chisel edge at a relatively small di- 
ameter on the drill's cutting edge. Also, as shown in Fig- 
ures 2(a) and (b), the cutting speed is much slower at 
smaller diameters on the cutting edge, the inner core of 
the drill is thus expected to remove the bulk of the ma- 
terial at slow speeds (rough cutting) while the outer di- 
ameters of the cutting edge perform the finish cutting. 
This can result in the excessive build-up of heat in the 
center of the drill, resulting in premature thermal crack- 
ing. In addition, the core region can be expected to chip 
and fracture at a faster rate compared with the outer re- 
gion. In order to obtain uniform chipping and wear, it is 
thus advantageous to have slightly softer and tougher 
(and hence resistant to chipping and thermal cracking) 
core. Thus, a composite drill constructed according to 
the present invention may include a relatively soft and 
tough inner region and a relatively hard and wear resist- 
ant outer region. 

[0040] In the present example, the drill includes two 
coax i ally disposed regions. The inner core region exhib- 
its high toughness and, therefore, Teledyne grade FR- 
15 cemented carbide material was chosen as the mate- 
rial of the core region. In general, a cemented carbide 
having a high binder content will have a high toughness 
and resistance to chipping and thermal cracking. Tele- 
dyne grade FR-1 5 has been found to be particularly suit- 
able for rough drilling applications. Grade FR-1 5 con- 
tains 1 5 weight percent cobalt binder, a tungsten carbide 
ceramic component, a fine grain structure (average 
grain size approximately 0.8 micron), and a hardness of 
90.2 HRA. Teledyne grade FR-10 was chosen as the 
material for the outer region. Grade FR-10 has been 
found particularly suitable in high speed drilling applica- 
tions. It contains 10 weight percent cobatt binder, a tung- 
sten carbide ceramic component, a fine grain structure 
(average grain size 0.8 micron), and a hardness of 91 .9 
HRA. 

[0041] As in Example 1, the drill of Example 2 was 



produced from metallurgical powders using a dry-bag 
isostatic pressing apparatus as schematically depicted 
in Figure 6. A partition in the form of a stainless steel 
tube 61 was inserted into dry-bag isostatic mold 62. The 
inner region of the tube 61 was filled with grade FR-1 5 
powder to form the inner core region of the drill. The 
region 64 exterior to the tube 61 was filled with grade 
FR-10 powder to form the outer region of the drill. The 
tube 61 was then removed from the mold 62 so that the 
two powder grades came into contact. The powders 
were pressed at a pressure of about 207 N/mm 2 (30,000 
psi) to form a composite compact approximately 36 cm 
(14 inches) long. The compact was then over pressure 
sintered as in Example 1 , and subsequently machined 
to form the cutting edge and other surface features of 
drill. 

[0042] Figure 8 is a photomicrograph at a magnifica- 
tion of 1600X of a region of the drill manufactured as 
described in this example in the vicinity of the interface 
83 between the first region 81 of cemented carbide ma- 
terial (grade FR-1 5) and the second region 82 of ce- 
mented carbide material (grade FR-10). The autoge- 
nous bond at interface 83 can be seen in the photomi- 
crograph as a transition between the first region 81 , 
which has a high ratio of binder to ceramic component 
relative to the second region 82. The photomicrograph 
shown that the depicted interface region lacks voids and 
inclusions. 



[0043] The rotary tools in Examples 1 and 2 included 
regions of cemented carbide grades differing in cobalt 
binder content. The tungsten carbide grain sizes in the 
regions, however, were approximately the same. In the 
present example, a rotary tool blank in the form of a com- 
posite rod was provided by combining cemented car- 
bide grades differing in binder content and average 
tungsten carbide grain size. A first region of the com- 
posite rod was composed of Teledyne grade H-17, 
which has a fine carbide grain structure. (Grade H-17 
has an average grain size of approximately 0.8 microns, 
a cobalt content of 1 0.0 weight percent, and a hardness 
of 91 .7 HRA.) A second region of the composite rod was 
composed of Teledyne grade R-61 , which has a coarse 
carbide grain structure. (Grade R-61 has an average 
grain size of approximately 4.0 microns, a cobalt content 
of 15.0 weight percent, and a hardness of 86.0 HRA.) 
The composite rod was fabricated by substantially the 
same methods as used in Examples 1 and 2. 
[0044] Figure 9 is a photomicrograph at a magnifica- 
tion of 1000X of a region of the composite rod of this 
example in the vicinity of the interface 93 between the 
first region 91 (grade H-17) and the second region 92 
(grade R-61). The autogenous bond at interface 93 can 
be seen in Figure 9 as a transition between the two re- 
gions. This example further illustrates the great flexibility 
available using the process of the present invention to 
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tailor the characteristics of different regions of the rotary 
tools of the invention to match specific applications. 
[0045] Although the present invention has been de- 
scribed in connection with certain embodiments, those 
of ordinary skill in the art will, upon considering the fore- 
going description, recognize that many modifications 
and variations of the invention may be employed. All 
such variations and modifications of the present inven- 
tion are intended to be covered by the foregoing descrip- 
tion and the following claims. 



Claims 

1. A composite rotary tool (30,110,210) comprising: 

an elongate portion including at least a coaxi- 
ally disposed core region (31) and outer region 
(32), said elongate portion defining a helically 
oriented cutting edge (114,214) and said core 
region (31) being autogenously bonded to said 
outer region (32), 

characterized in that: 

said core region (31 ) comprises a first cement- 
ed carbide material having a modulus of elas- 
ticity from 630-665 kN/mm 2 (90x1 0 6 psi to 
95x1 0 6 psi); 

said outer region (32) comprises a second ce- 
mented carbide material having a modulus of 
elasticity from 483-644 kN/mm 2 (69x1 0 6 psi to 
92x1 0 6 psi) and 

said modulus of elasticity of the second ce- 
mented carbide material is selected to be dif- 
ferent from and less than the modulus of elas- 
ticity of the first cemented carbide material. 

. 2. The composite rotary tool (30,110,210) of claim 1, 
wherein said first cemented carbide material and 
said second cemented carbide material individually 
comprise a binder and a metal carbide. 

3. The composite rotary tool (30,110,210) of claim 2, 
wherein said metal of said metal carbide of said first 
cemented carbide material and said metal of said 
metal carbide of second carbide material are indi- 
vidually selected from the group consisting of group 
IVB, group VB and group VIB elements. 

4. The composite rotary too! (30, 110,21 0) of claim 2, 
wherein said core region (31 ) is autogenously bond- 
ed to said outer region (32) by a matrix of said binder 
of at least one of said first cemented carbide mate- 
rial and said second carbide material. 



5. The composite rotary tool (30,110,210) of claim 2, 
wherein said binder of said first cemented carbide 
material and said binder of said second cemented 
carbide material each individually comprise a metal 

5 selected from the group consisting of cobalt, cobalt 
alloy, nickel, nickel alloy, iron, and iron alloy. 

6. The composite rotary tool (30,1 1 0,21 0) of claim 2, 
wherein said first cemented carbide material and 

10 said second cemented carbide material each com- 
prises 2 to 40 weight percent of said binder and 60 
to 98 weight percent of said metal carbide. 

7. The composite rotary tool (30,1 1 0,21 0) of claim 1 , 
is wherein at least one of said first cemented carbide 

material and said second cemented carbide mate- 
rial comprise tungsten carbide particles having an 
average grain size of 0.3 to 10 urn. 

20 8. The composite rotary tool (30,1 1 0,21 0) of claim 1 , 
wherein one of said first cemented carbide material 
and said second cemented carbide material com- 
prises tungsten carbide particles having an average 
grain size of 0.5 to 10 u.m and the other of said first 

25 cemented carbide material and said second ce- 
mented carbide material comprises tungsten car- 
bide particles having an average particle size of 0.3 
to 1.5 u.m. 

30 9. The composite rotary tool (30,110,210) of claim 1 , 
wherein the composite rotary tool (30,110,210) is 
selected from the group consisting of a drill, an end 
mill, and a tap. 

35 10. The composite rotary tool (30,1 1 0,21 0) of claim 2, 
wherein one of said first cemented carbide material 
and said second carbide material includes 1 to 10 
weight percent more of said binder than the other 
of said first cemented carbide material and said sec- 

40 ond cemented carbide material 

11. The composite rotary tool (30,110,210) of claim 1, 
wherein at least one of the hardness and wear re- 
sistance of said first cemented carbide material 

45 within said core region (31 ) differs from that of said 
second cemented carbide material within said outer 
region (32). 

12. The composite rotary tool (30,110,210) of claim 1, 
so wherein said first cemented carbide material com- 
prises 2 to 6 weight percent cobalt alloy and said 
second cemented carbide material comprises 6 to 
15 weight percent cobalt alloy. 

55 13. A method of producing a composite rotary tool in 
accordance with any one of claims 1 to 12, the 
method comprising: 
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placing a first metallurgical powder into a first 
region of a void of a mold; 
placing a second metallurgical powder into a 
second region of the void, the first metallurgical 
powder differing from the second metallurgical 
powder, said first metallurgical powder being 
selected to provide, on consolidation, a first ce- 
mented carbide material having a modulus of 
elasticity from 630-665 kN/mm 2 (90x1 0 6 psi to 
95x1 0 6 psi) and said second metallurgical pow- 
der being selected to provide, on consolidation, 
a second cemented carbide material having a 
modulus of elasticity from 483-644 kN/mm 2 
(69x1 0 6 psi to 92x1 0 6 psi), said modulus of 
elasticity of the second cemented carbide ma- 
terial being selected to be different from and 
less than the modulus of elasticity of the first 
cemented carbide material, 
contacting at least a portion of the first metal- 
lurgical powder with the second metallurgical 
powder; 

compressing the mold to consolidate the first 
metallurgical powder and the second metallur- 
gical powder to form a compact; 
over-pressure sintering the compact; and 
removing material from the compact to provide 
at least one helically oriented cutting edge. 

14. The method of claim 13, wherein the mold is a dry- 
bag rubber mold, and further wherein compressing 
the mold comprises isostatically compressing the 
dry-bag rubber mold to form the compact. 

1 5. The method of claim 1 3, wherein removing material 
from the compact comprises machining the com- 
pact to form at least one helically oriented flute de- 
fining at least one helically oriented cutting edge. 

16. The method of claim 13, further comprising: 

physically partitioning a void of the dry-bag iso- 
static rubber mold into at least the first region 
and the second region. 

17. The method of claim 16, wherein physically parti- 
tioning the void comprises inserting a sleeve into 
the void to divide the first region and the second re- 
gion. 



at a temperature of 1 350°C to 1 500°C under a pres- 
sure of 2.07-13.79 N/mm 2 (300-2000 psi). 

20. The method of claim 1 3, wherein contacting at least 
5 a portion of the first metallurgical powder with the 

second metallurgical powder comprises placing 
one of the first metallurgical powder and the second 
metallurgical powder into the void so as to be in con- 
tact along an interface with the other of the first met- 
10 allurgical powder and the second metallurgical 
powder. 

21. The method of claim 13, wherein compressing the 
mold comprises isostatically compressing the mold 

15 at a pressure of 34.5-345 N/mm 2 (5,000 to 50,000 
psi). 



Patentanspruche 

20 

1. Verbund-Rotationswerkzeug (30,110,210) mit: 

einem langlichen Abschnitt mit mindestens ei- 
nem koaxial angeordneten Kembereich (31) 
25 und einem AuBenbereich (32), wobei der lang- 

liche Abschnitt ein spiralformig ausgerichtete 
Schneidkante (114,214) festlegt und der Kem- 
bereich (31) autogen an den AuBenbereich 
(32) gebondet ist, 

30 

dadurch gekennzeichnet, dass 

der Kembereich (31) ein erstes Hartmetall- 
materiai (Zementkarbidmaterial) mit einem Elastizi- 
tatsmodul von 630-665 kN/mm 2 (90x1 0 6 psi bis 
35 95x 1 0 s ps i) aufweist , 

der AuBenbereich (32) ein zweites Hartme- 
tallmaterial mit einem Elastizitatsmodul von 
483-644 kN/mm 2 (69x1 0 6 psi bis 92x1 0 6 psi) auf- 
weist, und das Elastizitatsmodul des zweiten Hart- 
40 metaiimaterials so gewahit ist, dass es sich von 
dem Elastizitatsmodul des ersten Hartmetallmate- 
rials unterscheidet und geringer ist. 

2. Verbund-Rotationswerkzeug (30,110,210) nach 
45 Anspruch 1, wobei das erste Hartmetallmaterial 

und das zweite Hartmetallmaterial indrviduefl je- 
weils ein Bindemittel und ein Metallkarbid umfas- 
sen. 



30 



35 



18. The method of claim 1 7, wherein contacting at least 
a portion of the first metallurgical powder with the 
second metallurgical powder comprises removing 
the sleeve from the void after placing the first met- 
allurgical powder and second metallurgical powder 
into the mold. 

19. The method of claim 13, wherein overpressure sin- 
tering the compact comprises heating the compact 



so 3. Verbund-Rotationswerkzeug (30,110,210) nach 
Anspruch 2, wobei das Metal! des Metallkarbids des 
ersten Hartmetallmaterials und das Metall des Me- 
tallkarbids des zweiten Hartmetallmaterials indivi- 
dual aus der aus Elementen der Gruppe IVB, der 

55 Gruppe VB und der Gruppe VIB bestehenden Grup- 
pe ausgewahlt ist. 

4. Verbund-Rotationswerkzeug (30,110,210) nach 
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Anspruch 2, wobei der Kernbereich (31 ) autogen an 
den AuBenbereich (32) durch eine Matrix des Bin- 
demittels aus dem ersten Hartmetailmaterial und/ 
Oder dem zweiten Hartmetailmaterial gebondet ist. 

5 

5. Verbund-Rotationswerkzeug (30,110,210) nach 
Anspruch 2, wobei das Bindemittel des ersten Hart- 
metalimaterials und das Bindemittel des zwelten 
Hartmetallmaterials jeweils individuell ein Metal! 
aufweisen, das aus Kobalt, Kobaltlegierung, Nickel, io 
Nickellegierung, Eisen und Eisenlegierung beste- 
henden Gruppe ausgewahlt ist. 

6. Verbund-Rotationswerkzeug (30,110,210) nach 
Anspruch 2, wobei das erste Hartmetailmaterial 
und das zweite Hartmetailmaterial jeweils 2 bis 40 
Gewichtsprozent des Bindemittels und sechzig bis 
98 Gewichtsprozent des Metallkarbids umfassen. 

7. Verbund-Rotationswerkzeug (30,110,210) nach 20 
Anspruch 1, wobei das erste Hartmetailmaterial 
und/oder das zweite Hartmetailmaterial Wolfram- 
karbidpartikel mit einer durchschnittlichen Komgrd- 

Be von 0,3 bis 1 Ojim aufweist. 

25 

8. Verbund-Rotationswerkzeug (30,110,210) nach 
Anspruch 1, wobei das erste Hartmetailmaterial 
oder das zweite Hartmetailmaterial Wo If ram karbid- 
partikel mit einer durchschnittlichen KorngroBe von 

0,5 bis 1 0ujn umfasst und das jeweils andere Hart- 30 
metal Imaterial Wolframkarbidpartikel mit einer 
durchschnittlichen PartikelgroBe von 0,3 bis 1 ,5pjn 
umfasst. 

9. Verbund-Rotationswerkzeug (30,110,210) nach 35 
Anspruch 1, wobei das Verbund-Rotationswerk- 
zeug (30,1 1 0,21 0) aus der aus einem Bohrer, einem 
Endfraser und einem Gewindebohrer bestehenden 
Gruppe ausgewahlt ist. 

AO 

10. Verbund-Rotationswerkzeug (30,110,210) nach 
Anspruch 2, wobei das erste Hartmetailmaterial 
oder das zweite Hartmetailmaterial 1 bis 10 Ge- 
wichtsprozent mehr Bindemittel aufweist als das je- 
weils andere Hartmetailmaterial aufweist. 45 

11. Verbund-Rotationswerkzeug (30,110,210) nach 
Anspruch 1, wobei die Harte und/oder die Ver- 
schleissfestigkeit des ersten Hartmetallmaterials 
innerhalb des Kembereichs (31) sich von derjeni- 50 
gen des zweiten Hartmetallmaterials in dem AuBen- 
bereich (32) unterscheidet. 

12. Verbund-Rotationswerkzeug (30,110,210) nach 
Anspruch 1, wobei das erste Hartmetailmaterial 55 
zwei bis sechs Gewichtsprozent Kobaltlegierung 
und das zweite Hartmetailmaterial 6 bis 15 Ge- 
wichtsprozent Kobaltlegierung aufweist. 



13. Verfahren zur Herstellung eines Verbund-Rotati- 
onswerkzeugs gemaB einem der Anspruche 1 bis 
12, wobei das Verfahren umfasst: 

Einbringen eines ersten Metallpulvers in einen 
ersten Bereich eines Hohlraums einer Form, 
Einbringen eines zweiten Metallpulvers in ei- 
nen zweiten Bereich des Hohlraums, wobei 
sich das erste Metatlpulver von dem zweiten 
Metallpulver unterscheidet und das erste Me- 
tallpulver so gewahlt ist, dass es bei Verfesti- 
gung ein erstes Hartmetailmaterial (Zement- 
Karbidmaterial) mit einem Elastizitatsmodul 
von 630-655 kN/mm 2 (90x1 0 6 psi bis 95x10 s 
psi) aufweist und das zweite Metallpulver so 
gewahlt ist, dass es bei Verfestigung ein zwei- 
tes Hartmetailmaterial (Zement-Karbidmateri- 
al) mit einem Elastizitatsmodul von 483-644 
kN/mm 2 (69x1 0 6 psi bis 92x1 0 6 psi) aufweist, 
wobei das Elastizitatsmodul des zweiten Hart- 
metallmaterials so gewahlt ist, dass es sich von 
dem Elastizitatsmodul des ersten Hartmetall- 
materials unterscheidet und geringer ist, 
In-Kontakt-Bringen mindestens eines Teils des 
ersten Metallpulvers mit dem zweiten Metall- 
pulver, 

Unter-Druck-Setzen der Form, urn das erste 
Metallpulver und das zweite Metallpulver zu 
verfestigen, urn einen Kompaktkorper zu bil- 
den, 

Uberdruck-Sintern des Kompaktkorpers, und 
Entfernen von Material von dem Kompaktkor- 
per, um mindestens eine spiralformig ausge- 
richtete Schneidkante bereitzustellen. 

14. Verfahren nach Anspruch 13, wobei die Form eine 
Trockentaschen-Gummifonm ist, und wobei femer 
das Unter-Druck-Setzen der Form ein isostatisches 
Komprimieren der Trockentaschen-Gummiform 
umfasst, um den Kompaktkorper zu bllden. 

15. Verfahren nach Anspruch 13, wobei das Entfernen 
von Material von dem Kompaktkorper ein spanab- 
hebendes Bearbeiten des Kompaktkorpers um- 
fasst, um mindestens eine spiralformig ausgerich- 
tete Spannut zu bilden, die mindestens eine spiral- 
formig ausgerichtete Schneidkante festlegt. 

16. Verfahren nach Anspruch 13, femer umfassend: 

physisches Unterteilen eines Hohlraums der 
isostatischen Trockentaschen-Gummiform in 
mindestens den ersten Bereich und den zwei- 
ten Bereich. 

17. Verfahren nach Anspruch 16, wobei das physische 
Unterteilen des Hohlraums das Einsetzen einer 
Hulse in den Hohlraum umfasst, um den ersten Be- 
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relch und den zweiten Bereich zu unterteilen. 

18. Verfahren nach Anspruch 17, wobei das In-Kontakt- 
Bringen mindestens eines Teils des ersten Metall- 
puivers mitdem zweiten Metallputverdas Entfernen 
der Hulse aus dem Hohlraum umfasst, nachdem 
das erste Metallpulver und das zweite Metal Iputver 
in die Form eingebracht wurden. 

19. Verfahren nach Anspruch 13, wobei das Clber- 
druck-Sintern des Kompaktkorpers ein Erhitzen 
des Kompaktkorpers auf eine Temperatur von 
1350° Celsius bis 1500° Celsius bei einem Druck 
von 2,07 bis 13,79 N/mm 2 (300 bis 2000 psi) um- 
fasst. 

20. Verfahren nach Anspruch 13, wobei das In-Kontakt- 
Bringen mindestens eines Teils des ersten Metall- 
pulvers mit dem zweiten Metallpulver ein Einbrin- 
gen des ersten Metallpulvers oderdes zweiten Me- 
tallpulvers in den Hohlraum umfasst, so dass es 
entlang einer Grenzflache mit dem jeweils anderen 
Metallpulver in Kontakt kommt. 

21. Verfahren nach Anspruch 13, wobei das Unter- 
Druck-Setzen der Form ein isostatisches Unter- 
Druck-Setzen der Form bei einem Druck von 34,5 
bis 345 N/mm 2 (5.000 bis 50.000 psi) umfasst. 



Revendications 

1 . Outil rotatif composite (30, 1 1 0, 21 0) comprenant : 

une partie allongee comprenant au moins une 
ame (31) et une region exterieure (32) dispo- 
sees coaxialement, ladite partie allongee defi- 
nissant une arete tranchante orientee en helice 
(114, 214) et I'ame (31) etant soudee de ma- 
mere sutogsns s ladite region exterieure (32), 

caracterise en ce que : 

I'ame (31) comprend un premier materiau en 
carbure cemente presentant un module d'elas- 
ticite compris entre 630 et 665 kN/mm 2 (entre 
90x1 0 6 psi et 95x1 0 6 psi), 
ladite region exterieure (32) comprend un se- 
cond materiau en carbure cemente ptesentant 
un module d'elasticite compris entre 483 et 644 
kN/mm 2 (entre 69x1 0 6 psi et 92x1 0 6 psi) et 
ledit module d'elasticite du second materiau en 
carbure cemente est s6lectionne pour etre dif- 
ferent du et inferieur au module d'elasticite du 
premier materiau en carbure cemente. 

2. Outil rotatif composite (30, 110, 210) selon la reven- 
dication 1 , caracterise en ce que ledit premier ma- 



teriau en carbure cemente et ledit second materiau 
en carbure cemente comprennent individuellement 
un liant et un carbure m&allique. 

5 3. Outil rotatif composite (30, 110,21 0) selon la reven- 
dication 2, caracterise en ce que ledit metal dudit 
carbure ntetallique dudit premier materiau en car- 
bure cemente et ledit metal dudit carbure metallique 
dudit second materiau en carbure cemente sont se- 

10 lectionnes individuellement dans le groupe compre- 
nant des elements du groupe IVB, du groupe VB et 
du groupe VIB. 

4. Outil rotatif composite (30, 1 1 0, 21 0) selon la raven- 
's dicatton 2, caracterise en ce que I'ame (31) est 

soudee de maniere autogene a ladite region exte- 
rieure (32) par une matrice dudit liant d'au moins 
Tun dudit premier materiau en carbure cemente et 
dudit second materiau en carbure cemente. 

20 

5. Outil rotatif composite (30, 11 0, 21 0) selon la raven - 
dication 2, caracterise en ce que ledit liant dudit 
premier materiau en carbure cemente et ledit liant 
dudit second materiau en carbure cemente com- 

25 prennent chacun individuellement un ntetal s6lec- 
tionne dans le groupe constitue de cobalt, d'alliage 
de cobalt, de nickel, d'alliage de nickel, de fer et d'al- 
liage de fer. 

30 6. Outil rotatif composite (30, 110,210) selon la reven- 
dication 2, caracterise en ce que ledit premier ma- 
teriau en carbure cemente et ledit second materiau 
en carbure c6mente comprennent chacun 2 a 40 
pour cent en poids dudit liant et entre 60 et 98 pour 

35 cent en poids dudit carbure metallique. 

7. Outil rotatif composite (30, 110, 2 10) selon la reven- 
dication 1 , caracterise en ce qu'au moins Tun dudit 
premier materiau en carbure cemente et dudit se- 

* ^ wuiiu inaicimu o i i uaiuuiV. ^binCiiuo wwin^twiiu www 

particules de carbure de tungstene ayant une gros- 
seur de grain moyenne comprise entre 0,3 et 1 0 urn 

8. Outil rotatif composite (30, 110,21 0) selon la reven- 
45 dication 1 , caracterise en ce qu'au moins i'un dudit 

premier materiau en carbure cemente et dudit se- 
cond materiau en carbure cemente comprend des 
particules de carbure de tungstene ayant une gros- 
seur de grain moyenne comprise entre 0,5 et 1 0 pjn 
50 et I'autre dudit premier materiau en carbure cemen- 
te et dudit second materiau en carbure cemente 
comprend des particules de carbure de tungstene 
ayant une grosseur de grain moyenne comprise en- 
tre 0,3 et 1 ,5 u,m. 

55 

9. Outil rotatif composite (30, 110,21 0) selon la reven- 
dication 1 , caracterise en ce que I'outil rotatif com- 
posite (30, 1 1 0, 21 0) est s6lectionn6 dans le groupe 
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donnerau moins une arete tranchante orientee 
en heiice. 

14. Procede selon la revendication 13, caracterise en 
5 ce que le moule est un moule sec en caoutchouc 
et, en outre, caracterise en ce que la compression 
du moule comprend la compression isostatique du 
moule sec en caoutchouc pour former le compact. 

10 15. Procede selon la revendication 13, caracterise en 
ce que I'enlevement du materiau du compact com- 
prend I'usinage du compact pour former au moins 
une cannelure orientee en heiice definissant au 
moins une arete tranchante orientee en helice. 

15 

1 6. Procede selon la revendication 1 3, comprenant, en 
outre : 



constitue d'un foret, d'une f raise en bout et d'un ta- 
raud. 

1 0. Outil rotatif composite (30, 1 1 0, 21 0) selon la reven- 
dication 2, caracterise en ce que Tun dudit premier 
mat6riau en carbure cemente et dudit second ma- 
teriau en carbure cemente comprend entre 1 et 10 
pour cent en poids en plus dudit liant que I'autre du- 
dit premier materiau en carbure cemente et dudit 
second materiau en carbure cemente. 

1 1 . Outil rotatif composite (30, 1 1 0, 2 1 0) selon la reven- 
dication 1 , caracterise en ce qu'au moins la durete 
ou la resistance a i'usure dudit premier materiau en 
carbure cemente a I'interieur de I'&me (31) drffere 
de celle dudit second materiau en carbure cemente 
a I'interieur de ladite region exterieure (32). 

12. Outil rotatif composite (30, 1 1 0, 21 0) selon la reven- 
dication 1 , caracterise en ce que ledit premier ma- 
teriau en carbure cemente comprend entre 2 et 6 
pour cent en poids d'alliage de cobalt et ledit second 
materiau en carbure cemente comprend entre 6 et 
15 pour cent en poids d'alliage de cobalt. 

1 3. Procede pour produire un outil rotatif composite se- 
lon Tune quelconque des revendications 1 a 12, le 
procede comprenant : 

introduction d'une premiere poudre metallur- 
gique dans une premiere region d'un vide d'un 
moule ; 

introduction d'une seconde poudre metallurgi- 
que dans une seconde region du vide, la pre- 
miere poudre metallurgique different de la se- 
conde poudre irtetallurgique, ladite premiere 
poudre metallurgique etant selectionn§e pour 
donner, au moment de la consolidation, un pre- 
mier materiau en carbure cemente ayant un 
module d'elasticite compris entre 630 et 685 
kN/mm 2 (entre 90x1 0 6 psi et 95x1 0 6 psi) et la- 
dite seconde poudre metallurgique etant selec- 
tionnee pour donner, au moment de la consoli- 
dation, un second materiau en carbure cemen- 
te ayant un module d'elasticite compris entre 
483 et 644 kN/mm 2 (entre 69x1 0 6 psi et 92x1 0 6 
psi), ledit module d'elasticite du second mate- 
riau en carbure cemente etant s6lectionne pour 
etre different du et inferieur au module d'elasti- 
cite du premier materiau en carbure c6ment6, 
la mise en contact d'au moins une partie de la 
premiere poudre metallurgique avec la secon- 
de poudre metallurgique ; 
la compression du moule pour consolider la 
premiere poudre metallurgique et ta seconde 
poudre metallurgique pourformer un compact ; 
le frittage du compact par surpression ; et 
I'enlevement du materiau du compact pour 



la partition physique d'un vide du moule sec 
20 isostatique en caoutchouc pour former au 

moins la premiere region et la seconde region. 

17. Procede selon la revendication 1 6, caracterise en 
ce que la partition physique du vide comprend Tin- 

25 sertion d'un manchon dans le vide pour diviser la 
premiere region et la seconde region. 

18. Procede selon la revendication 17, caracterise en 
ce que la mise en contact d'au moins une partie de 

30 la premiere poudre metallurgique avec la seconde 
poudre metallurgique comprend I'enlevement du 
manchon hors du vide apres introduction de la pre- 
miere poudre metallurgique et de la seconde pou- 
dre metallurgique dans le moule. 

35 

19. Precede selon la revendication 13, caracterise en 
ce que le frittage du compact par surpression com- 
prend le chauffage du compact a une temperature 
comprise entre 1350°C et 1500°C sous une pres- 

An a~ o r\~r a * o m m/~-v~->2 tor\r\ m or\r\r\ r*r*\\ 

-»« oiuil uc £.,ui a t*J,* iv ^w'cvrw . 

20. Proced§ selon la revendication 13, caracterise en 
ce que la mise en contact d'au moins une partie de 
la premiere poudre metallurgique avec la seconde 

45 poudre metallurgique comprend I'introduction de 
Tune de la premiere poudre metallurgique et la se- 
conde poudre metallurgique dans le vide pour qu'el- 
le soit en contact le long d'un interface avec I'autre 
de la premiere poudre metallurgique et la seconde 
so poudre metallurgique. 

21. Procede selon la revendication 13, caracterise en 
ce que la compression du moule comprend la com- 
pression isostatique du moule sous une pression 

55 de 34,5 a 345 N/mm 2 (5000 a 50000 psi). 
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FIG. 3(a) 
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FIG. 7 
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